Abstract Recently, a large randomized placebo-controlled trial indicated a beneficial effect of tolvaptan on the progression of autosomal dominant polycystic kidney disease (ADPKD) with near-normal kidney function. Meanwhile, the evidence of tolvaptan's efficacy in ADPKD with severe renal insufficiency was limited and higher frequency of liver enzyme elevations were observed in patients taking tolvaptan. Liver transplantation (LT) is the only curative treatment for patients with severe polycystic liver disease associated with ADPKD, but considering that liver injuries should be avoided particularly in patients who underwent LT, we must be careful to start tolvaptan in post-LT ADPKD patients. We describe the case of a patient who had developed severe renal insufficiency after living donor LT, for whom tolvaptan therapy showed marked reduction of total kidney volume and maintenance of renal function without any serious adverse events. This is the first report to show the beneficial effect and safety of tolvaptan, in a post-LT ADPKD patient with severe renal insufficiency, and hopefully will help broaden the spectrum of patients who will benefit from tolvaptan.
Introduction
The autosomal dominant polycystic kidney disease (ADPKD) is the most common genetic cause of chronic kidney disease (CKD) mostly requiring renal replacement therapy [1] . Besides renal insufficiency due to enlarged kidney cysts, patients with ADPKD can present with symptoms that are secondary to cysts in other organs such as the liver, which may require liver transplantation (LT) [2] . The results of a multicenter, placebo-controlled, double-blinded trial (TEMPO 3:4 trial) indicated a beneficial effect of tolvaptan on the progression of kidney disease in ADPKD [3] . However, this study included patients with near-normal renal function, and evidence of tolvaptan's efficacy in ADPKD with severe renal insufficiency was limited. Moreover, patients taking tolvaptan experienced higher frequency of liver enzyme elevations than those on placebo, but the efficacy and safety of tolvaptan after LT has never been shown. We describe the case of a patient who had developed severe renal insufficiency after living donor LT, for whom tolvaptan therapy showed marked reduction of total kidney volume (TKV) and maintenance of renal function without any serious adverse events.
Case report
In February 2015, a 46-year-old woman with ADPKD was admitted to induce tolvaptan for progressively decreased renal function. Her serum creatinine (SCr) was 1.81 mg/dL corresponding to an estimated glomerular filtration rate (eGFR) of 25.0 mL/min, according to the modification of the CKD Epidemiology Collaboration Equation for Japanese), TKV 1487 mL, height-adjusted TKV 908 mL/m, and annual change in TKV 22 % per year. We used ellipsoid volume as method of TKV measurement, which was well correlated with volumetric TKV. Mild proteinuria with urinary protein/creatinine ratio (UPCR) of 0.3-0.5 g/ gCre was observed. She had been diagnosed with ADPKD in 2001, and she presented hypertension as a manifestation of ADPKD, but otherwise unremarkable. Her mother, aunt and grandmother had the same disease.
As the patients' medical history, she had experienced worsening abdominal distention since 2003 and increasing ascites since 2011, which eventually required cell-free and concentrated ascites reinfusion therapy. She underwent LT from her younger brother's wife on 13 November 2013, with operative time of 17 h and 49 min and hemorrhage volume of 25,885 mL. Resected liver weight was 6,500 g, and the histology was compatible with polycystic liver disease without any malignancies. Her renal function was slightly decreased (SCr 0.87 mg/dL corresponding to eGFR of 56.0 mL/min) and TKV was 1218 mL during the operation. As estimated, her renal function acutely dropped in post-operative course, but recovered to baseline in a few weeks. She developed abdominal abscess on 19 November and strangulation ileus on 15 January 2014, for which intraperitoneal drainage and adhesiotomy were performed, respectively, but otherwise unremarkable. Induction therapy was initiated with tacrolimus 6 mg and methylprednisolone 200 mg, with properly controlled trough serum level of tacrolimus (around 8-15 ng/mL). Methylprednisolone was immediately tapered to 4 mg in 4 months. However, her renal function started to get worse progressively with increasing TKV from February 2014 (Fig. 1a) . Direct nephrotoxicity of treatments was less likely because we did not use any nephrotoxic drugs including antibiotics, other than tacrolimus, around and during the decline of renal function. We did not perform any interventions, either. Prerenal acute kidney injury was also less likely because blood pressure was appropriately controlled and fluid replacement did not improve the renal function. However, several episodes of acute renal injury after LT due to hemodynamic instability, use of many antibiotics, and also additional operations for complications might have delayed bad effects on her renal function.
We decided to start tolvaptan therapy for her, in full awareness of risks from severe renal failure and post-LT status Tolvaptan dosing was initiated in daily morning and afternoon doses of 45 and 15 mg, respectively. Doses were monthly increased to 60 and 30 mg and then 90 and 30 mg, considering that the patient was well tolerated (Fig. 1b) . Urine volume was increased to 7 L/day at first, but decreased to maintain around 4-5 L/day, without any thirst, fatigue, dizziness or hypernatremia. Trough serum concentration of tacrolimus has not changed after taking tolvaptan and is stable around 5-8 ng/mL. We never observed liver injury including the elevation of aminotransferase, aspartate aminotransferase and bilirubin, or any signs of rejection of transplanted liver, either. Slope of eGFR was better after taking tolvaptan, with a slope of 4.2 mL/min per year, as compared to 11.7 mL/min per year before that Table 1. TKV was slightly increased to 1584 mL in March 2015, but dramatically decreased to 1372 mL in June and 1215 mL in September, which showed the reduction by about 23 % per six month (Fig. 2) .
Discussion
Tolvaptan, an oral vasopressin V2 receptor antagonist, is only the drug that has been proved to have beneficial effect on progression of kidney disease in ADPKD in a large multicenter randomized placebo-controlled trial, TEMPO 3:4 trial [3] . In the study, the administration of tolvaptan decreased the annual increase in TKV by around 50 % and slowed annual decline in kidney function by around 30 % at 3 years. However, adverse events related to aquaresis and liver enzyme elevations were more common in patients with tolvaptan, which led to discontinuation of tolvaptan in approximately 8 and 1 %, respectively.
We emphasize three points here. First, efficacy and safety in ADPKD patients with severe renal function, specifically with eCcr less than 60 mL/min remained to be proven because these patients were excluded from study. Generally, patients with decreased renal function are thought to develop more adverse events, considering that they are likely to have higher serum concentration of tolvaptan with the same dose [4] . Second, although liver injury following the use of tolvaptan was infrequent and reversible, the potential for serious irreversible injury exists [5] , which are never allowed particularly in patients who underwent LT, the only curative treatment for patients with severe polycystic liver disease [6] . Finally, drug-drug interactions are not ignorable in the use of such a high dose of tolvaptan with tacrolimus, the key drug for post-transplantation immunosuppression. Both tolvaptan and tacrolimus undergo metabolism by cytochrome 3A4, and also are P-glycoprotein substrates and inhibitors [7, 8] . Therefore, they can affect each other and serum concentration of both drugs can be higher than expected [9, 10] , which can lead to the emergence of adverse events including liver injury, decreased renal function or over-immunosuppression. Taking these risks into consideration, we have never observed any adverse events related to increased aquaresis or elevations of liver enzyme levels, even with maximum dose of tolvaptan. On the contrary, we have admitted slower decline in renal function and great reduction in TKV. Moreover, subacute renal insufficiency after LT in this case may be explained by 'third-hit' hypothesis, in which non-genetic renal injury constitutes a 'third hit' resulting in rapid cyst formation in adulthood, added to the widely accepted genetic 'two-hit' model [11] . Actually, this patient experienced several episodes of acute renal injury after LT due to hemodynamic instability, and also underwent additional operations for complications, thus these events could work as a 'third hit'. This is the first report to show the beneficial effect and safety of tolvaptan, in a post-LT ADPKD patient with severe renal insufficiency, and hopefully will help broaden the spectrum of patients who will benefit from tolvaptan.
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